Aim of the study: In this study we investigated Fas, FasL and Foxp3 expression in relation to liver graft rejection and its severity in autoimmune hepatitis (AIH) patients. Material and methods: Twenty-three AIH patients including five post-transplant patients with acute rejection (AR) and 18 patients without AR (non-AR) were studied for Fas, FasL and Foxp3 gene expression in peripheral blood mononuclear cells on days 1, 3 and 7 after transplantation by real-time PCR. The relationships between gene expression and clinical features were determined. Results: Real-time PCR showed various Fas gene expression levels with no significant difference between the days in AR patients (p = 0.52). In non-AR patients, Fas level increased from 0.98 ±0.24 fold on the first day to 1.89 ±0.42 fold on day 3 after transplantation (p < 0.01). In this group of patients, we also found a significant increase in FasL expression on day 7 (29.91 ±6.89 fold) compared to day 1 (13.50 ±7.44 fold, p < 0.05). Foxp3 gene expression in both groups showed decreased levels during the first week after transplantation. The decreased Foxp3 expression in AR patients was correlated with rejection activity index (r = 0.86, p < 0.0001). Conclusions: Increased Fas and FasL gene expression levels in non-AR patients and decreased Foxp3 gene expression in both groups suggested the important role of these molecules in the alloreactive response after liver transplantation in AIH patients. Foxp3 expression might be useful for monitoring rejection severity.
Introduction
Liver transplantation is a life-saving and standard therapeutic approach for various diseases including cirrhosis, decompensated liver diseases, acute liver failure, hepatocellular cancer, viral hepatitis and autoimmune hepatitis (AIH) [1] [2] [3] . AIH is a chronic necroinflammatory disease with ill-defined etiology [4] [5] [6] . Environmental triggers, failure of immune tolerance mechanisms and genetic predisposition are postulated to induce a T cell-mediated liver injury in AIH [7] . While
In the setting of transplantation, acute rejection is a well-known complication [9] . Numerous studies have proposed several mechanisms of graft rejection in liver transplantation such as the release of intragraft cytokines and induction of apoptosis by graft infiltrating lymphocytes [10] [11] [12] . T lymphocytes appear to be absolutely required in this rejection process [13] . T cells recognize allo-antigens on donor antigenpresenting cells (APCs) by direct presentation or interact with recipient APCs expressing donor tissue antigens. It has been shown that cytotoxic T lymphocytes (CTLs) alone are sufficient for the mediation of acute allograft rejection, but helper T lymphocytes (TH) also by secretion of interleukin 2 (IL-2) can induce clonal expansion of CTLs and upregulate their cytotoxic activity. The Fas/Fas ligand (FasL) pathway is a death-inducing pathway utilized by CTLs to destroy cells. Fas is widely expressed by many cell types with abundant expression in the thymus, liver, heart and kidney. FasL is expressed on activated CTLs and natural killer (NK) cells and has an important role in lymphocyte-mediated cytotoxicity. Increased expression of FasL may activate the cytotoxic pathway, leading to graft damage by activation of apoptosis [14] . On the other hand, regulatory T cells (Tregs) expressing CD4, CD25 and Foxp3 molecules can recognize alloantigens and induce transplantation tolerance. These cells have the ability to suppress immune responses both in vitro and in vivo [15, 16] . Tregs inhibit T cell proliferative responses through cell-cell contact or by secretion of suppressive cytokines such as IL-10 and/or TGF-β. Increasing evidence from animal transplantation research shows that Tregs can play a key role in promoting immunological unresponsiveness and tolerance to allograft transplants [17, 18] . Therefore, modulation of the number and function of these cells is suggested as new strategies for preventing graft rejection in patients with different diseases including AIH [19] . In order to use such approaches, providing sufficient information on how Tregs as well as various effector molecules of apoptosis such as Fas/FasL participate in graft rejection is required. For this purpose, in the present study we aimed to evaluate the expression levels of Fas, FasL and Foxp3 after liver transplantation in AIH patients with acute rejection (AR) compared to those without acute rejection (non-AR).
Material and methods

Patients
Twenty-three female patients with AIH who underwent liver transplantation were followed for the occurrence of AR. Post-transplant AR was observed in five patients and in the rest (18 patients) AR did not occur. AR was diagnosed by means of clinical, laboratory, and histologic evidence. Blood samples were collected from both groups after 1, 3 and 7 days after liver transplantation. Clinical and paraclinical information of the patients, including total bilirubin, alanine transaminase (ALT), aspartate aminotransferase (AST), creatinine, rejection activity index (RAI), MELD score and age, were extracted from their files. The study was approved by the Ethics Committee of Shiraz University of Medical Sciences and informed consent was obtained from the patients.
Samples
Five milliliters of blood was taken from the patients and then peripheral blood mononuclear cells (PBMCs) were separated by Ficoll-Hypaque density gradient centrifugation. After washing, cells were counted and the concentration was adjusted to 2 × 10 6 /ml.
RNA isolation and reverse transcription
Total RNA was extracted from PBMCs using the RNA easy mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The concentration and purity of the RNA samples were determined using spectrophotometer scan in the ultraviolet (UV) region and ethidium bromide visualization of intact 18S and 28S RNA bands after agarose gel electrophoresis. cDNA was prepared using 10 μl of RNA, dNTP and random primers and a Gene Amp RNA PCR kit (Takara Bio Inc, Otsu, Japan) according to the manufacturer's protocol.
Quantitative real-time PCR
Fas, FasL and Foxp3 mRNA levels were quantified with reagents from the SYBR Premix Ex Taq TMII kit (Takara Bio Inc) using the Step One real-time PCR system (Applied Biosystems, Foster City, USA). The experiment was performed by two independent experiments in duplicate. Primers were designed not to amplify genomic DNA (exon-exon junction). The primer sequences are provided in Table 1 . A melting curve analysis was performed in each run to ensure specificity of the primers. The housekeeping gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control to normalize the variability in expression levels. The PCR conditions were as follows: one cycle at 95°C for 30 s, followed by 40 cycles at 95°C for 5 s, 57°C in regards to Fas, FasL, Foxp3 or 56°C for GAPDH. Data were collected using the Step One Real Time PCR system. The expression levels were analyzed using the 2 −DDCT method, normalized against GAPDH and presented as fold change.
Statistical analysis
All data were presented as mean ±SD. The comparisons among the groups were made using non-parametric tests of Mann-Whitney and Kruskal-Wallis. P-values of less than 0.05 were regarded as significant. Spearman's rank correlation was applied to detect correlations between study parameters. The statistical analysis was performed by GraphPad Prism software version 6.0 (Inc, USA). Table 2 shows the characteristics of 23 liver transplanted AIH patients. All patients were female. AR patients were in the age range of 35 ±12 years with a MELD score range of 18-37. Non-AR patients were in the age range of 35.3 ±12.5 years and MELD score range of 18-30.
Results
Gene expression levels by real-time PCR
The gene expression levels of Fas, FasL and Foxp3 in PBMCs from the post-transplant patients on days 1, 3 and 7 were measured by real-time PCR. The results presented in Figure 1 show various levels of Fas gene expression with no significant changes up to 7 days in patients with AR (p = 0.52). In non-AR patients, we observed a significant increase in Fas gene expression levels from 0.98 ±0.24 fold on the first day of transplantation to 1.89 ±0.42 fold (p < 0.01) after 3 days and 1.74 ±0.40 fold after 7 days. In the same group of patients, FasL expression showed a significantly increased level from 13.5 ±7.44 fold on the first day to 29.91 ±6.89 fold after one week (p < 0.05).
The study of Foxp3 gene expression in AR patients after transplantation showed decreased levels from 105.5 ±54.92 fold on the first day to 4.69 ±3.30 fold on day 7 (p < 0.01). Corresponding data for non-AR patients were 137.3 ±63.01 fold on the first day to 4.52 ±1.7 fold on day 7 (p < 0.001).
The initial Fas, FasL and Foxp3 gene expression on the first day showed no significant difference between AR and non-AR patients.
Correlation between gene expression levels and clinical features
The expression of genes was studied in relation to clinical and paraclinical features of the patients. There was no significant correlation between expression levels of Fas, FasL and Foxp3 genes with serum levels of AST, ALT and total bilirubin on different days after transplantation. However, we found a significant negative relationship between Foxp3 expression and RAI (r = -0.86, p < 0.0001), suggesting a possible association of decreased Tregs with severity of rejection.
Discussion
Acute rejection is known as an obstacle in allograft transplantation. The most important cells in this process are T lymphocytes. Overexpression of Fas and FasL can cause target organ damage due to the activation of CTLs [13] or mediate T cell apoptosis, which is implicated in immune suppression. An initial purpose of this study was to identify the changes in the gene expression levels of Fas and FasL in PBMCs of post-liver transplant AIH patients with AR. Our results showed no significant changes in the expression of these genes in AR patients during the first week of transplantation. In contrast, increased expression of Fas and FasL genes was observed in non-AR patients. Studies have shown that the effector CTL killing mechanism which leads to apoptosis in target cells involves a slow-acting lytic pathway of the Fas/FasL interaction and a fast-acting pathway of perforin/granzyme degranulation [20] . As we did not observe significant changes in the Fas and FasL expressions in AR patients, it is possible that graft rejection in this group of patients might have occurred due to the fast-acting perforin and granzyme pathway of CTL killing. Moreover, dysregulation of apoptosis has been reported to be a cause of autoimmunity. Thus, it is also possible that the lack of change in Fas/ FasL expression in AR patients was related to the underlying disease. In a previous study by Zwolak et al., non-AR patients a significantly higher number of PBMCs bearing the Fas receptor in AIH compared to control subjects was observed [21] . This finding may suggest dysregulation of apoptosis in PBMCs of these patients.
It is known that infiltration of T cells with high levels of FasL in the graft can induce cell death and consequently graft rejection. An interesting finding among non-AR patients was the increased Fas and FasL expression in PBMCs during the first week after transplantation. This increase may on one hand reflect the increased activity of CTLs due to antigenic stimulation [22] and on the other hand might be considered as a positive role of these molecules in the liver engraftment. Through these cell surface molecules activated T cells can commit suicide. It has been shown that interaction of FasL-expressing cells with Fas-expressing T cells is important in maintenance of tolerance through induction of apoptosis in T cells. This finding was consistent with a previous study showing the possible contribution of enhanced apoptosis in PBMCs to prevent allograft rejection in cardiac transplanted patients [20] .
Autoimmunity mostly is an outcome of a failure in natural Treg formation in the thymus to avoid early reactions against autoantigens. It has been shown that in AIH, expansion of Tregs through low-dose IL-2 treatment can inhibit T helper and cytotoxic T cell activation and stop hepatocyte damage. Moreover, in new experimental therapies in animal models, antigen-specific desensitization has been used to restore the immunological tolerance to AIH autoantigens and reduction of liver inflammation [23] . To investigate whether Tregs have a role in AR after liver transplantation, we analyzed the expression of Foxp3 gene in PBMCs of the patients. Foxp3
+ Tregs in the graft by inhibition of effector T cells are involved in the alloimmune response and suppression of allograft rejection [19, 24] . We demonstrated a decreasing level of Foxp3 gene expression in both AR and non-AR patients during the first week after transplantation. This result was consistent with previous studies that have shown the decreased frequency of Tregs in the peripheral blood of transplanted patients [25, 26] . The reason for this reduced level of Foxp3 expression might be related to the infiltration of Tregs into the liver to suppress the alloreactive T cells [27] . Also, the possibility of inhibiting Tregs by immunosuppressive drugs should also be considered. Of note, in a previous study on AIH patients, no impairment of Foxp3+ Treg was reported [28] .
On evaluation of the relationship between gene expression and clinical parameters, we found that in AR patients Foxp3 expression was negatively correlated with RAI, suggesting the important role of Tregs in AR severity. This result was consistent with an earlier study in which a significant negative correlation between decreased frequency of circulating CD4+CD25 high Foxp3+ Tregs and RAI in heart transplant patients was found [26] .
This study has some limitations. One limitation was the small size of samples, particularly in AR patients, which was due to a generally smaller number of liver transplant AIH patients with acute rejection. In order to increase the validity of data, more studies on a greater number of patients are needed.
To date, the majority of studies on immune mechanisms in AIH have been carried out on peripheral blood samples as a way of noninvasive screening [29, 30] . Although these correlation studies are helpful in understanding AIH, they do not entirely represent the inflammatory milieu of the liver. Analyzing immune cell interactions in inflammatory sites is important to understand the biology at tissue level. However, studies on local environmental regulatory mechanisms are difficult due to limited access to tissues [31, 32] .
In conclusion, we found increased Fas and FasL gene expression in non-AR patients and decreased Foxp3 gene expression in both groups of patients, which suggests the importance of these molecules in the alloimmune response in liver transplanted AIH patients. We also found a negative correlation of Foxp3 gene expression with RAI, which may imply the usefulness of PBMC monitoring of Foxp3 expression to evaluate the severity of rejection.
